INTRODUCTION
Ground level Ozone (O 3 ) that is also known as tropospheric O 3 is a naturally occurring gas when nitrogen oxide (NOx) gases from vehicles and industrial emissions react with volatile organic compounds (VOC), which contain chemicals that evaporate easily into the air. O 3 is a secondary pollutant meanwhile NOx and VOC are the precursors which are also known as primary pollutant. NOx come from human activity such as burning of coal, gasoline and oil in motor vehicles, homes, industries and power plants. Meanwhile, main source of VOC that come from human activity includes gasoline combustion, upstream oil and gas production, wood combustion and liquid fuels and solvent. VOC also come from natural source such as coniferous forest. Many studies have reported that the ground level O 3 is a harmful air pollutant that is destructive to be inhaled and it harms yields, trees, and vegetation [1] . Shortterm exposure to peak levels of O 3 can temporarily affect the lungs, respiratory tract, eyes and can also increase susceptibility to inhaled allergens while long-term exposure to O 3 has primarily been found to reduce lung functions and has been found to be linked with a higher risk of death from respiratory causes [2] . In fact, it is estimated that by 2050, there will be 2 millions acute mortalities in the EPPA world regions due to O 3 pollution [3] . The EPPA is a computable general equilibrium model of the world economy.
In the Malaysian environment, O 3 has been identified as one of the most important air pollutants other than PM10, Nitrogen Oxide (NOx), Carbon monoxide (CO) and Sulfur Dioxide (SO 2 ). It has been included in the computation of the country's Air Pollution Index (API). Vehicles and industrial activity have been reported to be the major contributors to O 3 pollution [4] . The major industries affecting air quality are the iron and steel industry, nonferrous metal industry, nonmetallic (mineral) industry, oil and gas industry, petrochemical industry, pulp and paper, power plants and waste incineration sector [25] .
Nowadays, the study on O 3 pollution is growing in popularity among the Malaysian researchers. Most of the studies focus on the modeling of O 3 and its precursors as well as obtaining the best distribution and time series models for prediction purposes. Urban and industrial areas are the favourite study locations. Issues on O 3 status and variation are also found as the other topics of interest. Among the studies that have been conducted, in [5] were also supported by the publication of [6] . Among the studied areas, other than Shah Alam,
Cheras also consistently showed a high frequency of noncompliance to the standards. In the case of the three major port cities such as Klang, Perai, and PasirGudang, in [7] showed that UVB was the largest contributor to O 3 variation followed by temperature, relative humidity and wind speed. The exposure of the population in the three port cities to the elevated levels of O 3 was found during January-May months.Another recent study by [8] also found that the concentrations of O 3 recorded in Malaysian Borneo during the study period were below the standard, whereby ozone is more pronounce at industrial locations, especially in Bintulu. In addition,based on a year (2005) data, in [9] has found that, in comparison to Nilai, Shah Alam has a higher maximum O 3 level, the peak occurred between 1:00 to 2:00 p.m in the afternoon. [10] to ease the human brain to comprehend images versus word or numbers [11] . As stated by [12] ,"Visualization is concerned with representing, manipulating and exploring data N. Shaadan et al.
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and information graphically in such a way as to gain understanding and insight into it, i.e., mapping of data to a visual form that supports human interaction in a workspace for visual sense making". Furthermore, in the context of management, data visualization can be used to quickly appraise the interactions of management actions [13] and support management decision [14] .
With respect to the usefulness of data visualization that gives value to data analysis, this study is conducted. The main aim of this study is to provide valuable insight on the potential time 
DATA ANALYSIS AND TECHNIQUES
Several data analyses were conducted to achieve the study objectives. outliers with high concentration levels were treated as concentration levels that were caused by an abnormal event and could represent air quality degradation. This decision is supported by the studies of several authors [15] [16] . Other than that, visualization analytics such as line chart, bar chart and spider web diagram were used to visually assess the temporal pattern of . This standard is designed to protect the public from adverse health effects that occur after being exposed to the pollutant [17] .
Principal component analysis (PCA) is a statistical exploratory multivariate data analysis technique with a mathematical algorithm that reduces the dimensionality of the data while retaining most of the variation in the data set [18] . In this study, the PCA is used to identify several important modes of variation that explained the total variation in O 3 process system at each study location. In PCA, eigenvalues and factor loading statistics play important role to 
RESULTS AND DISCUSSION
In this section, results of the study analyses are discussed. It begins by understanding the pattern of the hourly variations that describe the day-to-day O 3 variations at the study locations and then followed by visualizing and investigating the temporal and spatial patterns of the O 3 outliers and exceedances.
Diurnal Levels of O 3 Concentration
Multiple box plot analysis is given in the following Fig. 2 Analysis to visualize the dispersion pattern of the PC scores between the most important principal components obtained was also conducted. The analysis is conducted to figure out which monsoon has more potential to experience severe O 3 pollution. Again, the dispersion pattern of the component scores will be observed and assessed here. The further the distance of the score from the group indicates the higher the influence of O 3 to air quality degradation.
As mentioned by [18] , the PC score plot is an alternative method to observe outlying pattern in the data set. For this study, the scope is to only consider the two most important components that describe the total variation of O 3 concentration level (i.e. PC1 and PC2). The phenomenon often occurs in many urban areas. Many studies worldwide have conducted more comprehensive studies on O 3 weekend effect to provide ambient experimental evidence ources and destruction at a particular location [20] [21] as well as to provide photochemical pollution [22] . The main causes of weekend effect phenomena were identified worldwide due to different reductions for NOx and
Over the weekend, normally there will be less number of vehicles and industrial activity in Banting and Shah Alam, resulted into less amount of NOx. Thus, this could be the reason of less active photochemical production of O 3 during the weekend at these two locations. pollution. The differences are very much related with the differences in the weather and meteorological variations. Reported in [24] , March is among the month that has recorded less number of rainfall and lower average precipitation levels. 
